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COMPLETE SPECIFICATION 

Vulcanisable Compositions 



We, Imperial Chemical Industries 
Limited, of Imperial Chemical House, Mill- 
bank, London, S.W.I, a British Company, do 
hereby declare the invention, for which we 
5 pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

This invention relates to vulcanisable com- 
10 positions. 

Isotactic polypropylene is a crystalline 
material suitable for moulding and extrusion 
having a melting point of approximately 160° 
C. We have found that despite this high melt- 
15 ing point it can be mixed with natural or syn- 
thetic rubber by a masticating process. We 
have also found that the presence of isotactic 
polypropylene is vulcanised natural or synthetic 
rubber compositions results in reinforcement 
20 to a remarkable extent. 

According to the present invention, there- 
fore, we provide vulcanisable compositions 
containing a major proportion of natural and/ 
or synthetic rubber and a lesser proportion of 
25 isotactic polypropylene. We also provide a 
method for the production of these composi- 
tions in which method isotactic polypropylene 
is dispersed in the rubber by a hot masticating 
treatment in the absence of vulcanising in- 
30 gredients and the mixture obtained is cooled 
and vulcanising ingredients are dispersed in it 
by mastication at a lower temperature. 

Synthetic rubbers which may be used in this 
invention include copolymers of butadiene and 
35 styrene or acrylonitrile, copolymers of iso- 
prene and isobutylene and polymers and co- 
polymers of chloroprene. 

Our preferred quantities of isotactic poly- 
propylene in the compositions of this inven- 
40 tion are between 1 and 40%, preferably be- 
tween 5 and 25% by weight of the combined 
weight of rubber and isotactic polypropylene, 
very useful com position sjjeing obtained with 
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mixtures with natural rubber containing be- 
tween 6 and 20% isotactic polypropylene. 45 

By isotactic polypropylene we mean any 
solid polymer of propylene which contains a 
major proportion of crystalline polypropylene 
and preferably is at least 70% by weight in- 
soluble in hot heptane. Also isotactic poly- 50 
propylene may contain minor quantities as im- 
purity or atactic polypropylene, i.e. poly- 
propylene having a random steric distribution 
of methyl side groups along the greater part 
of its polymer chain and therefore not being 55 
crystallisable in itself. As a result, isotactic 
polypropylene normally melts over a range of 
temperatures. For ease of dispersion with 
rubber we prefer that the isotactic polypropyl- 
ene used in the compositions and process of 60 
our invention has a melt viscosity at 190°C. 
less than 10 7 poises when measured with a 
parallel plate plastometer at a shear rate of 
0.1 per second. . Isotactic polypropylenes hav- 
ing melt viscosities between 10* and 10 5 poises 65 
at 190°C. result in a combination of particular 
ease in the operation of the process of our in- 
vention and the production of particularly use- 
ful compositions. 

We prefer that in the preparation of the jq 
compositions of this invention rubber is 
masticated with isotactic polypropylene in the 
absence of vulcanising ingredients at a tem- 
perature between 150°C. and the maximum 
of the isotactic polypropylene melting point 75 
range. Thus particularly suitable temperatures 
are from 150°C. to 170°C. depending upon 
the melting point of the polypropylene. For 
ease of dispersion, the polypropylene is pre- 
ferably supplied for mastication in the form 80 
of fine powder. Mastication may be accom- 
plished in, for example, a Banbury mixer or 
on open roll mills. In the former case, it is 
best to supply a dry blend of the ingredients 
to the mixer in order to minimise the mixing 85 
time and to complete the mixing on rolls in 
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order to convert the mix to the form of sheet 
and thereby facilitate its cooling. If mastica- 
tion is conducted on rolls only, a very satis- 
factory method is to sheet the rubber on the 
rolls, add powdered isotactic polypropylene 
and continue milling until the polypropylene 
is dispersed. Dispersion of the polypropylene 
in natural rubber is indicated by translucency 
in the mixture when hot. 

This mastication of rubber and polypropylene 
is preferably conducted in the presence of an 
antioxidant. Suitable antioxidants are bis- (2 
hydroxy - 3 - t - butyl - 5 - methylphenyl) 
methane, bis - (2 hydroxy - 3 - alpha - 
methylcyclohexyl-5-methyl phenyl) methane, 
a mixture resulting from condensing 2,4 
and 2,5 dimethyl phenol with butyralde- 
hyde and phenyl beta naphthylamine. 
Suitable quantities of antioxidant are between 
0.5% and 2.0% by weight of the composition. 
Commercial synthetic rubbers often contain 
such quantities of antioxidants. 

Particularly suitable temperatures for 
masticating the rubber/polypropylene mix with 
vulcanising ingredients are between 60 and 
80°C. for natural rubber and 25 — 50°C. for 
synthetic rubber. Again suitable equipment 
are Banbury mixers (preferably followed by 
open roll mills for sheeting) or open roll nulls. 
Ancillary ingredients, for example, fillers and 
pigments, may usefully be added to the com- 
positions together with the vulcanising in- 
gredients. 

Particularly valuable properties which are 
obtained when the compositions of our inven- 
tion are vulcanised are those of low density, 
high tensile strength, high modulus of elas- 
ticity, high resilience, high hardness, high tear 
and abrasion resistance and excellent electrical 
properties, with a remarkable retention of 
these good properties at elevated temperatures, 
all without the necessity of including dark 
coloured fillers. The compositions are accord- 
ingly particularly suitable for the production 
of light coloured articles of low heat build up, 
or light coloured articles in which a high de- 
gree of reinforcement is maintained at ele- 
vated temperatures or for use in applications 
where a high tear strength and abrasion resist- 
ance is required. Fillers such as carbon black 
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may be incorporated in the compositions if 
desired. Such compositions can combine good 
reinforcement with high resiliences and low 
heat build up. 

The following Examples, in which all parts 55 
are by weight, serve to illustrate our invention. 
It will be understood, however, that our in- 
vention is in no way limited by these Examples. 
In Examples 5: — 18 the rubbers used contained 
anti-oxidants. 60 
Example 1 

160 gms. natural rubber were sheeted on a 
12" x 6" open roll mill with 2 gms. bis-(2 
hyd roxy-3 -t-bu tyl-5 -methyl phenyl) methane 
at 155 — 160°C. and 40 gms. powdered poly- 65 
propylene were added. This polypropylene 
had a melt viscosity at 190°C. of 5.6 x 10* 
poises measured on a parallel plate plastometer 
under a shear rate of 0.1 per second. When 
tested for solubility in heptane by Soxhlet ex- 70 
traction, 75% by weight of it was found to 
be insoluble. 10 minutes after all the poly- 
propylene had been added the sheet became 
translucent and was removed from the mill 
and cooled. 75 

The sheet obtained was fed to a 12" x 6" 
open roll mill heated to 60°C. and the follow- 
ing ingredients were added: 

1.2 gms. cyclohexyl benzthiazyl sulphen- 

amide 80 
10.0 gms. zinc oxide 
4.0 gms. stearic acid 
5.0 gms. sulphur 

The mixture was milled for 15 minutes 
during which time the temperature of the roll 85 
carrying the sheet was allowed to rise to 80°C. 
The sheet was cooled and test mouldings were 
moulded from it with a cure time of 30 
minutes at 140°C. under a pressure of 1,000 
Ib./sq. inch. 90 

The properties of the mouldings were: 

Tensile strength 3,150 lb./sq. in. 

' Elongation at Break 500% 

Stress at 100% strain 990 lb./sq. in. 

Stress at 300% strain 1,910 lb./sq. in. 95 
(The above tests were conducted according to 
B.S. 903 (1950) using ring specimens). 



Hardness, B.S. 903 (1950) 80 BS° 

Crescent tear strength, B.S. 903 (1950) 1,2000 lb./sq. in. 



Resilience (Dunlop 
Tripsometer— 
B.S. 903 (1950)) 

Dynamic Young's Modulus 



at 20° C. 59% 
at 50°C 67% 
at 70° C. 69% 

at 0°C. 2.78 x 10 8 dynes cm 2 
at 30°C. 1.7 XlO 8 
at 60°C. 125 x 10 a 
at 80°C. 1.15 XlO 8 
atl00°C. 1.0 xlO 8 
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preceding claims in which the isotactic poly- 
propylene is at least 70% by weight insoluble 
in heptane. 

6. A composition according to any of the 
5 preceding claims in which the isotactic poly- 
propylene used has a melt viscosity at 190°C. 
less than 10 7 poises. 

7. A composition according to any of the 
preceding claims in which the isotactic poly- 

10 propylene used has a melt viscosity at 190°C. 
between 10* and 10 5 poises. 

8. A composition according to any of the 
preceding claims containing an antioxidant. 

9. A process for the production of a com- 
15 position according to any of the preceding 

claims in which the rubber and the isotactic 
polypropylene are masticated together at a 
temperature between 150°C. and the maximum 
of the isotactic polypropylene melting point 
20 range, the mixture obtained is cooled and vul- 
canising ingredients are dispersed in it by 



mastication at a lower temperature. 

10. A process according to claim 9 in which 
the polypropylene used is in the form of fine 
powder. 25 

11. A process according to either of claims 
9 or 10 in which antioxidant is incorporated 
in the composition when the rubber and iso- 
tactic polypropylene are initially masticated 
together. 30 

12. Vulcanisable compositions substantially 
as hereinbefore described with particular re- 
ference to Example 1. 

13. Vulcanisable compositions substantially 

as hereinbefore described in Examples 2 to 35 
18. 

14. A moulded article moulded from a vul- 
canisable composition claimed in any of claims 
1 to 8 and 12 and 13. 

WALTER SCOTT, 
Agent for the Applicants. 



PROVISIONAL SPECIFICATION 
Vulcanisable Compositions 



40 We, Imperial Chemical Industries 
• - Limited, of Imperial Chemical House, Mill- 
bank, London, S.W.I, a British Company, do 
hereby declare this invention to be described 
in the following statement : — 
45 This invention relates to vulcanisable com- 
positions. 

Isotactic polypropylene is a crystalline 
material suitable for moulding and extrusion 
having a melting point of approximately 160° 

50 C. We have found that despite this high melt- 
ing point it can be mixed with natural or syn- 
thetic rubber by a masticating process. We 
have also found that the presence of isotactic 
polypropylene in vulcanised natural or synthetic 

55 rubber compositions results in reinforcement 
to a remarkable extent. 

According to the present invention, there- 
fore, we provide vulcanisable compositions 
containing a major proportion of natural or 

60 synthetic rubber and a lesser proportion of 
isotactic polypropylene. We also provide a 
method for the production of these composi- 
tions in which method isotactic polypropylene 
is dispersed in the rubber by a hot masticating 

65 treatment in the absence of vulcanising in- 
gredients and the mixture obtained is cooled 
and vulcanising ingredients are dispersed in it 
by mastication at a lower temperature. 

Synthetic rubbers which may be used in 

70 this invention include copolymers of butadiene 
and styrene or acrylonitrile, copolymers of iso- 
prene and isobutylene and polymers and co- 
polymers of chloroprene. 

Our preferred quantities of isotactic poly- 

75 propylene in the compositions of this inven- 
tion are between 1 and 40%, preferably be- 
twen 5 and 25% by weight of the combined 
weight of rubber and isotactic polypropylene. 



By isotactic polypropylene we mean any 
solid polymer of propylene which contains a 80 
major proportion of crystalline polypropylene 
and preferably is at least 70% insoluble in 
hot heptane. Also isotactic polypropylene may 
contain minor quantities as impurity of amor- 
phous polypropylene, i.e. polypropylene hav- 85 
ing a random distribution of atoms along the 
greater part of its polymer chain and there- 
fore not being crystallisable in itself. As a 
result^ isotactic polypropylene normally melts 
over a range of temperatures. 90 

We prefer that in the preparation of the 
compositions of this invention rubber is 
masticated with isotactic polypropylene in the 
absence of vulcanising ingredients at a tem- 
perature between 150°C. and the maximum 95 
of the polypropylene melting point range. For 
ease of dispersion, the polypropylene is pre- 
ferably supplied for mastication in the form 
of fine powder. Mastication may be accom- 
plished in, for example, a Banbury mixer or 100 
on open roll mills. In the former case, it is 
best to supply a dry blend of the ingredients 
to the mixer in order to minimise the mixing 
time and to complete the mixing on rolls in 
order to convert the mix to the form of sheet 105 
and thereby facilitate its cooling. If mastica- 
tion is conducted on rolls only, die rubber may 
be sheeted on the rolls and powdered isotactic 
polypropylene added and milling continued 
until it is dispersed. Dispersion of the poly- 110 
propylene in natural rubber is indicated by 
translucency in the mixture when hot. 

This mastication of rubber and poly- 
propylene is preferably conducted in the 
presence of an antioxidant. Suitable ami- 115 
oxidants are bis-(2 hydroxy-3-t-butyl-5-methyl 
phenyl) methane, a mixture of 2,4 and 2,5 
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dimethyl phenol condensed with butyraldehyde 
and phenyl naphthylamine. Suitable quanti- 
ties of antioxidant are between 0.5 % and 
2.01% by weight of the composition. 

5 Particularly suitable temperatures for 
masticating the rubber/polypropylene mix 
with vulcanising ingredients are between 60 
and 80°C. for natural rubber and 25 — 35°C. 
for synthetic rubber. Again suitable equip- 

10 ment are Banbury mixers (preferably followed 
by open roll mills for sheeting) or open roll 
mills. Ancillary ingredients, for example, 
fillers and pigments, may usefully be added to 
the compositions together wtih the vulcanising 

15 ingredients. 

Particularly valuable properties which are 
obtained when the compositions of our inven- 
tion are vulcanised are those of tensile 
strength, modulus, high resilience, hardness, 

20 tear and abrasion resistance and electrical pro- 
perties, with a remarkable retention of these 
good properties at elevated temperatures^ all 
without the necessity of including dark col- 
oured fillers. The compositions are accord- 

25 ingly particularly suitable for the production 
of light coloured articles of low heat build up, 
or light coloured articles in which a high de- 
gree of reinforcement is maintained at ele- 
vated temperatures or for use in applications 

30 where a high tear strength and abrasion resist- 
ance is required. Fillers such as carbon black 
may be incorporated in the compositions for 
special applications. 

The following example, in which all parts 

35 are by weight, serves to illustrate our inven- 
tion. It will be understood, however, that our 
invention is in no way limited by this example. 
Example 

160 gms. natural rubber were sheeted on a 
Hardness, B.S. 903 (1950) 
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12" x 6" open roll mill with 2 gms. bis-(2 
hydroxy-3-t-butyl-5-methyl phenyl) methane 
at 155 — 160°C. and 40 gms. powdered poly- 
propylene were added. This polypropylene 
had a melt viscosity at 190°C. of 5.6 x 10* 
poises measured on a parallel plate plastometer 
under a shear rate of 0.1 per second. When 
tested for solubility in heptane by Soxhlet 
extraction, 75% of it was found to be in- 
soluble. 10 minutes after all the polypropylene 
had been added the sheet became translucent 
and was removed from the mill and cooled. 

The sheet obtained was fed to a 12" x 6" 
open roll mill heated to 60°C. and the follow- 
ing ingredients were added: 

1.2 gms. Cyclohexyl benzthiazyl sulphen- 
amide 
10.0 gms. Zinc oxide 
4.0 gms. Stearic acid 
5.0 gms. Sulphur 

The mixture was milled for 15 minutes 
during which time the temperature of the roll 
carrying the sheet was allowed to rise to 80°C. 
The sheet was cooled and test mouldings were 
moulded from it with a cure time of 30 
minutes at 140°C. under a pressure of 1,000 
lb./sq. inch. 

The properties of the mouldings were: 

Tensile strength 3,150 lb./sq. in. 

Elongation at break 50Q% 
Stress at 100% strain 990 lb./sq. in. 
Stress at 300% strain 1,910 lb./sq. in. 

(The above tests were conducted according to 
B.S. 903 (1950) using ring specimens). 
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Crescent tear strength, B.S. 903 (1950) 1,2000 lb./sq. in. 
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Resilience (Dunlop 
Tripsometer — 
B.S. 903 (1950)) 

Dynamic Young's Modulus 



at 20° C. 59% 
at 50°C 67% 
at 70° C. 69% 

at 0°C. 2.78 x 10 8 dynes cm 2 
at 30°C. 1.7 XlO 8 „ » 
at 60°C. 125 x 10 & „ „ 
at 80°C. 1.15 XlO 8 
atlOO°C. 1.0 xlO 8 „ „ 
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WALTER SCOTT, 
Agent for the Applicants. 
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